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表征。在 SBF 中诱导沉积 HAp，以期得到具有生物活性、可促进细胞的粘附和生长
的表面形貌和结构。结果表明，经改性后的钛板较改性前在 SBF 中的耐蚀性均有不
同程度提高，并具有较强的诱导沉积 HAp 能力。 
针对电化学方法制备的 HAp 涂层材料面临的涂层—基体界面结合问题，本文首
次提出采用“复合电沉积—电泳沉积”两步法，经过适当的热处理，在钛表面制备
Co-YSZ/HAp 纳米复合涂层。利用 XRD、SEM 和 EDS 等表征手段对涂层成分和形
貌进行表征，利用粘结—拉伸实验测试材料的力学性能，并在 SBF 中采用电化学交
流阻抗法对改性前后钛基体的耐腐蚀性能进行评价。结果表明，将 Co-YSZ 作为钛
基体与纳米 HAp 涂层的过渡层，可以缓和钛基底与纳米 HAp 涂层之间界面物理化
学性能的差异，特别是热膨胀系数的差值，明显改善了涂层与基体之间的结合；结
合强度由纳米 HAp 单一涂层的 11.05Mpa 提高到 Co-YSZ/HAp 纳米复合涂层的
19.45Mpa； Co-YSZ/HAp 纳米复合涂层在 SBF 中的耐蚀性较纯钛板显著提高。 
探索了以成骨肉瘤细胞体外培养实验，对上述钛基表面多孔阳极氧化膜和沉积
的纳米复合涂层的生物性能进行初步评价。实验结果表明，细胞在各材料表面附着、





















Titanium and its alloys have been widely used as orthopedic and dental implants for 
their superior mechanical properties and good biocompatibility. However, they have poor 
bioactivity. In order to achieve inducing growth of bone tissue and osteal combination 
when they are planted in vivo, titanium and its alloys need to decorate and modify. 
Nowadays, various techniques have been developed to modify and prepare bioactive 
ceramic coating on titanium and its alloy surface. The main goal and motivation of the 
present work focus on the development of electrochemical methods to modify and 
prepare bioactive composite coating with high bonding strength of the coating to the substrate. 
The porous titanic oxidation films were prepared directly on the surface of titanium 
by constant current anodic oxidation. The structure, composition and morphologies of the 
oxidation films were characterized by SEM, XRD, EIS, etc. The results indicate that 
titanium anodic oxidation film has better corrosion resistance and higher 
hydroxyapatite-forming ability than titanium in SBF. 
The combination of electro-codeposition and electrophorectic deposition was used 
to from Co-YSZ/HAp nano-composite coating on titanium. The structure, composition 
and morphologies of the composite coating were characterized by SEM, EDS, FT-IR, etc. 
The results indicate that the adhesive strength of Co-YSZ/HAp nano-composite coating 
and Ti substrate is higher than that of nano-HAp single coating and Ti substrate. Both 
have better corrosion resistance than untreated titanium in SBF. 
The biological properties of the porous titanic oxidation films, nano-HAp single 
coating and Co-YSZ/HAp nano-composite coating on the surface of titanium were 
evaluated by MG-63 cells culture in vitro. It was indicated that the cells could cling and 
grow well on all the surfaces. The results indicate that the cells growth on nano-HAp 
single coating and the Co-YSZ/HAp composite coating had the maximum proliferation 
rate; secondly, the porous titanic oxidation films; the cells on the surface of untreated 
titanium had the lowest rate. The nano-HAp coating shows excellent biocompatibility and 
bioactivity. 
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能比较如表 1-1 所示。 
 
表 1.1  医用金属材料、生物陶瓷材料和医用高分子材料的性能比较 
性能 医用金属材料 生物陶瓷材料 医用高分子材料 
生物相容性 中等 良好 中等 
化学稳定性 低 高 中等 
耐热性 中等 好 差 
热膨胀系数 中等 小 大 
热传导性 好 中等 差 
硬度 中等 高 低 
拉伸系数 大 中等 中等 
可成型性 中等 难 易 
压缩系数 中等 小 大 
 
1.1.1 医用金属材料（Medical Metallic Materials） 
在所有生物材料中，金属具有 优的机械性能、韧性和加工性能。选择金属
材料时应考虑以下几个问题：腐蚀，毒性，机械性能。由于技术发展的限制，人
们 先使用的金属是金和银。现在常用的金属材料有不锈钢，Co 基合金，Ti 及
Ti 合金等。 
二十世纪 20 年代，人们开始把不锈钢作为人体植入材料，即将 304 不锈钢
用作人工关节和骨折结合板材料，但由于体液中氯离子的存在，不锈钢材料极易
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经用于人工关节头、骨折连接用板和手术用螺丝等[3,4,8]。 
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